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Lead aVR Is a Useful Indicator of Signiﬁcant Left
Main or Ostial LAD Coronary Artery Stenosis
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Eugene Pomerantsev, MD, PHD,* Imad Ahmado, MD,* Gagandeep S. Gurm, MD,*
Henry Gewirtz, MD*
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O B J E C T I V E S The authors tested the hypothesis that exercise treadmill testing (ETT)–induced
ST-segment elevation (STE) in electrocardiographic lead aVR is an important indicator of signiﬁcant left
main coronary artery (LMCA) or ostial left anterior descending coronary artery (LAD) stenosis.
B A C KG ROUND Although STE in lead aVR is an indicator of LMCA or very proximal LAD occlusion
in acute coronary syndromes, its predictive power in the setting of ETT is uncertain.
METHOD S Rest and stress electrocardiograms, clinical and stress test parameters, and single photon-
emission computed tomographic myocardial perfusion imaging (MPI) data, when available, were obtained in 454
subjects (378 with MPI) who underwent cardiac catheterization and standard Bruce ETT  6 months before
catheterization. Patients were selected for LMCA or ostial LAD disease (50% stenosis) with or without other
coronary artery disease (CAD), CAD (70% stenosis) without signiﬁcant LMCA or ostial LAD, or no signiﬁcant CAD.
Univariate followed by multivariate logistic regression analyses of clinical, electrocardiographic, stress test, and
single photon-emission computed tomographic MPI variables were used to identify signiﬁcant correlates of LMCA
or ostial LAD stenosis. Bayesian analysis of the data also was performed.
R E S U L T S LMCA (n 38) or ostial LAD (n 42) stenosis occurred in 75 patients (5 patients had both). The
remainder had CAD without LMCA or ostial LAD stenosis (n 276) or no CAD (n 103). In multivariate analysis,
the strongest predictor was stress-induced STE in lead aVR (p  0.0001, area under the curve 0.82). Both left
ventricular ejection fraction (after stress) and percent reversible LAD ischemia on single photon-emission
computed tomographic MPI also contributed signiﬁcantly in multivariate analysis (p  0.005 and p  0.05,
respectively, areas under the curve 0.60 and 0.64, respectively). Although additional electrocardiographic, stress
test, and MPI variables were signiﬁcant univariate predictors, none was statistically signiﬁcant in multivariate
analysis. At 1-mm STE in lead aVR, sensitivity for LMCA or ostial LAD stenosis was 75%, speciﬁcity was 81%, overall
predictive accuracy was 80%, and post-test probability increased nearly 3 times from 17% to 45%.
CONC L U S I O N S Stress (ETT)–induced STE in lead aVR is an important indicator of signiﬁcant LMCA
or ostial LAD stenosis and should not be ignored. (J Am Coll Cardiol Img 2011;4:176–86) © 2011 by
the American College of Cardiology Foundation
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177rior studies have demonstrated that ST-
segment elevation (STE) in electrocardio-
graphic (ECG) lead aVR in the setting of acute
coronary syndromes may indicate the presence of
severe stenosis or occlusion of the left main coro-
nary artery (LMCA) or proximal left anterior de-
scending coronary artery (LAD) (1–10). Data re-
See page 187
garding the significance of STE in lead aVR in the
setting of exercise treadmill testing (ETT), how-
ever, are limited. Indeed, current practice guidelines
indicate that it should be disregarded in the inter-
pretation of exercise ECG findings (11), notwith-
standing reports suggesting that STE in lead aVR
may be predictive of hemodynamically significant
LMCA or very proximal LAD stenosis in this
setting (12–14). Accordingly, in the present study,
we tested the hypothesis that ETT-induced STE in
lead aVR is a useful indicator of hemodynamically
significant LMCA or ostial LAD stenosis.
M E T H O D S
Patient population. A database search of patients
undergoing cardiac catheterization at our institu-
tion between January 2008 and July 2009 was
performed to identify 3 groups of patients: 1) those
with significant LMCA or ostial LAD disease
(50% luminal diameter reduction) in addition to
any other coronary lesions (70% luminal diameter
reduction for mid and distal LAD segments); 2)
those with coronary artery disease (CAD) (70%
luminal diameter reduction) but not LMCA or
ostial LD disease; and 3) those free of significant
CAD (LMCA and all 3 major vessels free of any
stenosis 50%). Ostial LAD stenosis included any
lesion proximal to the first septal perforator. All
patients had undergone ETT according to the
standard Bruce protocol with (n  378) or without
(n  76) myocardial perfusion imaging (MPI;
rest/stress 99mTc-methoxyisobutylisonitrile
[MIBI]) 6 months before the clinically indicated
cardiac catheterization. LMCA (n  38) or ostial
LAD stenosis (n  42) was present in 75 patients
5 patients had both). The remainder had either
AD of varying severity that did not involve the
MCA or ostial LAD (n  276) or no significant
AD (n  103). All were consecutive cases in that
hey were included in unbiased fashion in the order
n which they were encountered in the database
earch, provided they met study entry criteria. APatients with acute coronary syndromes or prior
oronary artery bypass grafting were excluded. Pa-
ients who had undergone pharmacological stress in
onjunction with MPI also were excluded, as were
hose whose baseline ECG studies indicated left
undle branch block, intraventricular conduction
elays  120 ms, left ventricular hypertrophy with
arked strain pattern (down-sloping ST-segment
epression [STD]1 mm with biphasic or inverted
waves), or marked anterior T-wave inversions
the Wellens pattern) concerning for ac-
ive ischemia or possible LMCA or prox-
mal LAD stenosis. Leads V1 to V3 were
ot used for ischemia assessment in pa-
ients with right bundle branch block,
lthough inferior leads and leads V4 to V6
were if the baseline was isoelectric. No
patient had STE in lead aVR on rest
electrocardiography. Mild STD (1 mm)
in 1 or more leads on rest electrocardiog-
raphy was not cause for exclusion.
Pertinent clinical details of the study
population are provided in Table 1. The
study received institutional review board
approval.
Single photon-emission computed tomo-
graphic (SPECT) MPI acquisition and analysis.
IMAGE ACQUISITION. SPECT MPI using
9mTc-MIBI (n  370) or thallium (n 
) was performed according to standard
-day protocols and image acquisition
uidelines (15). A dual-head Siemens
amma camera (E-CAM or C-CAM;
iemens Medical Systems, Erlangen, Ger-
any) equipped with a low-energy, high-
esolution collimator (32 views per camera
ead in a 64  64 matrix) was used for
mage acquisition. The patient performed
readmill exercise according to the stan-
ard Bruce protocol (11). One minute
efore completion of symptom-limited ex-
rcise (test end point as defined in current
ractice guidelines [11]), radiotracer was
njected intravenously. Gated images were obtained
0 to 45 min later in the same fashion as noted
reviously.
SPECT MPI DATA AND IMAGE ANALYSIS. Rest and
tress myocardial perfusion images were analyzed
bjectively, in a quantitative fashion, using a stan-
ard 17-segment model (15) and a commercially
vailable SPECT image analysis program (4DM-
PECT; Invia Medical Imaging Solutions, Ann
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178results of coronary angiography. The program com-
puted all MPI parameters used in logistic regression
analyses. The parameters used were left ventricular
ejection fraction (LVEF) (after stress), sum stress
score, sum difference score, transient ischemic dila-
tion (TID) ratio, percent ischemia in the LAD, left
circumflex coronary artery (LCx), and right coro-
nary artery zones, sum ischemia in the LAD and
LCx zones, and total ischemia (all zones).
The following should be noted regarding the use
of the image analysis program. All data were in-
spected for patient motion and extracardiac “hot
spot” activity in the vicinity of the myocardium.
Motion artifact had been addressed at the time of
image acquisition, by reimaging the patient or using
motion correction software or both. The analysis
program is interactive and so permits the operator
to constrain the area around the myocardium to
avoid the inclusion of extracardiac hot spot activity
Table 1. Clinical Characteristics and Hemodynamic Parameters
Variable Value
Patients (men/women) 454 (366/88)
Age (yrs) 62 11 (23–87)
Risk factors
Hypertension 366 (81%)
Diabetes 89 (20%)
Dyslipidemia 346 (76%)
Smoking* 259 (57%)
Family history 243 (54%)
Medications
ACE inhibitors/ARBs 237 (52%)
Beta-blockers 258 (57%)
Statins 278 (61%)
Oral nitrates 29 (6%)
ETT stress data
Maximal HR (beats/min) 132 23
Maximal SAP (mm Hg) 163 23
Maximal RPP (mm Hg/min) 21,720 5,284
METs 8.4 3.0
Percent MPHR 84 15
Duration (min) 6.6 2.9
End point
Fatigue 301 (66%)
Chest pain 91 (20%)
Dyspnea 177 (39%)
Hypotension 28 (6%)
Data are expressed as mean  SD (range) or as n (%). Percent totals for risk
factors, medications, and ETT end points are all 100% because individuals
commonly had 1 occurrence in each category. *Former or current.
ACE angiotensin-converting enzyme; ARB angiotensin receptor blocker;
ETT  exercise treadmill testing; HR  heart rate; MET  metabolic
equivalent; MPHR  maximal predicted heart rate; RPP  rate-pressure
product; SAP  systolic artery pressure.in the bull’s-eye plot. Thus, it permits avoidance ofnormalization artifact that could spuriously affect all
MPI parameters generated by the program. Inabil-
ity to eliminate a hot spot occurred in rare cases and
was cause for elimination of the patient from the
final database. Accordingly, all image datasets were
technically satisfactory for analysis, albeit with op-
erator and technologist assistance as noted.
All image data had been read previously for
clinical purposes by experienced nuclear cardiolo-
gists and radiologists (consensus of 2 observers for
all myocardial perfusion images) who, by study
design, could not have known the cardiac catheter-
ization data, which were obtained after the SPECT
MPI studies. Defect severity was subjectively
graded as 1  mild, 2  moderate, or 3  severe.
isual assessment of ischemia (segments with full
r partial resolution of stress MPI defects in the rest
mages) was available for all SPECT MPI studies.
The number of ischemic segments determined by
isual analysis in combined LAD and LCx zones,
ecause LMCA and ostial LAD stenosis detection
as the objective of the study, as a predictor of
MCA or ostial LAD stenosis was tested by
eceiver-operating characteristic (ROC) curve anal-
sis in the same fashion as the computer-
etermined parameters. Areas under the curves
AUCs) were compared statistically to determine
ow well visual analysis performed compared with
omputer-determined parameters.
Data analysis (catheterization, electrocardiography,
and ETT). DEFINITION OF CAD. Coronary arterio-
rams were analyzed visually by an experienced,
nvasive cardiologist blinded to ECG, ETT, and
PECT imaging data. Luminal diameter reduction 
0% defined hemodynamically significant CAD in
he right coronary artery, LCx, and LAD (mid and
istal segments). The LMCA and ostial LAD
including the segment proximal to the first septal
erforator) were considered to have significant ste-
osis with luminal diameter reductions  50%.
Patients in whom the LMCA or ostial LAD and
ll other major coronary vessels had no stenosis 
0% were considered free of significant CAD.
ECG INTERPRETATION. The baseline and peak
stress electrocardiograms of each patient were in-
terpreted without knowledge of the SPECT MPI
or coronary angiographic data. The configuration of
the ST segment was noted (horizontal, down-
sloping, or up-sloping) and the degree of displace-
ment from the isoelectric line measured at 80 ms
from the J point.
n
i
L
c
k
(
i
f
i
i
t
a
r
D
r
v
n
b
l
i
i
p
b
H
V
o
d
L
s
E
s
(
s
s
s
w
a
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 4 , N O . 2 , 2 0 1 1
F E B R U A R Y 2 0 1 1 : 1 7 6 – 8 6
Uthamalingam et al.
LMCA Stenosis and Stress-Induced STE in Lead aVR
179PARAMETER SELECTION (ECG, ETT, AND RISK FAC-
TOR VARIABLES). SPECT MPI variables were
oted previously. Other parameters chosen for test-
ng as univariate predictors of LMCA or ostial
AD stenosis were selected on the basis of a
ombination of physiological principles, clinical
nowledge, and reference to the published research
16). The parameters tested are listed in the follow-
ng. It should be noted that traditional CAD risk
actors (age, sex, dyslipidemia, hypertension, smok-
ng, diabetes, and family history of CAD) were
ncluded in univariate analysis.
ECG DATA (REST AND STRESS). In addition to lead
aVR, lead aVL, the inferior leads (II, III, and aVF),
and pre-cordial leads V1 and V4 to V6 were evalu-
ated, and the amount of STD or STE at 80 ms after
the J point both at rest and during peak stress was
tested in univariate regression analysis. In lead aVR,
only horizontal or up-sloping STE was considered
indicative of ischemia. J-point elevation only with
down-sloping ST segment was not.
ETT DATA. Total exercise time, reason for stopping
he test (including the presence or absence of
ngina), beta-blocker or nitrate therapy, maximal
ate-pressure product (RPP), metabolic equivalents,
uke score, and percent maximal predicted heart
ate (MPHR) attained all were considered in uni-
ariate analysis.
Statistical analysis. Continuous variables are expressed
as mean  SD. Paired and unpaired Student t tests
and chi-square tests were used as indicated. ROC
curves for the detection of significant LMCA or ostial
LAD stenosis were obtained for selected, statistically
significant (after Bonferroni’s correction) ETT, ECG,
and MPI parameters identified in univariate logistic
regression analysis. AUCs were computed by fitting a
logistic regression model and were compared using
a nonparametric method that took into account the
correlated nature of the data (17). The method
avoids strong assumptions on the distribution of the
data. A sample size of 454 patients provided 80%
power to detect a minimal AUC difference of 0.1
between 2 ROC curves using a 2-sided test with 5%
type I error (18).
A stepwise multivariate regression analysis was
also performed using all parameters that attained
statistical significance in univariate analysis. The
final multivariate model included only those univar-
iate parameters that made statistically significant
independent contributions to the prediction of
LMCA or ostial LAD stenosis. SAS version 9.2
(SAS Institute Inc., Cary, NC) was used for statis- atical analysis. Bayesian analysis was performed, as
described by others (19). P values 0.05 were
considered statistically significant.
R E S U L T S
Patient population. The mean age of the population
was 62  11 years (range 23 to 87 years), and 366
were men (81%) (Table 1). Significant LMCA (n
38) or ostial LAD stenosis (n  42) was present in
75 of 454 patients (17%; 5 patients had both). The
patients with LMCA or ostial LAD stenosis were
similar to the CAD group as a whole in terms of age
(mean 65 10 years) and sex distribution (62 of 75
[83%] were men). The incidence of single-vessel
disease (1VD), double-vessel disease (2VD), and
triple-vessel disease (3VD) without LMCA or os-
tial LAD involvement was 15%, 25%, and 9%,
respectively, of patients with CAD. Isolated
LMCA or ostial LAD stenosis was present in 34 of
the patients with CAD (10%) and 7% of all
patients. No significant CAD was present in 103
patients (23% of all patients studied).
Baseline electrocardiography. Per study entry criteria,
o patients had any of the following findings on
aseline electrocardiography: left bundle branch block,
eft ventricular hypertrophy with strain,1-mm STD
n multiple lead groups, and deep T-wave inversions
n anterior precordial leads (the Wellens sign). No
atient had0.5-mm STE in lead aVR at rest. Right
undle branch block was present in 21 patients (5%).
owever, none had1-mm STD in inferior or V4 to
6 lead groups. Leads V1 to V3 were considered
uninterpretable for ischemia in the face of right bundle
branch block. Accordingly, all patients, per the entry
criteria, had baseline electrocardiograms that were
interpretable for ischemia.
Logistic regression and ROC analysis. TRADITIONAL
ISCHEMIC HEART DISEASE RISK FACTORS. None
f the traditional risk factors for ischemic heart
isease were statistically significant predictors of
MCA or ostial LAD stenosis per se (Table 2).
ECG AND ETT VARIABLES. Univariate logistic regres-
ion analysis demonstrated that the best ETT or
CG predictor of significant LMCA or ostial LAD
tenosis was stress-induced STE in ECG lead aVR
p  0.0001, AUC: 0.82). Other ECG leads were
ignificant univariate predictors (Table 2) but were not
ignificant in multivariate analysis. ETT variables,
ave for Duke score, which was inversely correlated
ith LMCA or ostial LAD stenosis, failed to emerge
s univariate predictors. Duke score, however, was not
n independent predictor in multivariate analysis.
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180MPI VARIABLES. MPI variables predictive of sig-
nificant LMCA or ostial LAD stenosis in uni-
variate analysis are listed in Table 2 and included
TID (p  0.001, AUC: 0.65), reversible LAD
schemia (p  0.0001, AUC: 0.64), and post-
tress LVEF (p  0.03, AUC: 0.60). Sum stress
core failed to emerge as a significant univariate
redictor of LMCA or ostial LAD stenosis,
lthough sum difference score, combined LAD
nd LCx ischemia, and total ischemia did (Table
). The AUC for combined LAD and LCx
schemia determined by computer analysis (0.59)
id not differ significantly from that determined
y qualitative visual analysis (0.57) (p  0.76)
lthough the latter also was a significant univar-
ate predictor (Table 2).
Although the AUC for STE in lead aVR was
reater than that for reversible LAD ischemia and
VEF (both p values0.0001), LAD ischemia and
VEF were included in the final model, because
ach made a statistically significant independent
ontribution to prediction of the outcome variable.
ther significant univariate MPI predictors were
ested but not included in the final multivariate
odel, because they failed to make statistically
ignificant independent contributions to prediction
Table 2. Univariate and Multivariate Analyses for LMCA or Osti
Variable Odds Ratio (95% Co
STE
Lead aVR 6.0 (4.0–
Lead V1 4.3 (2.3–
STD
Lead V4 1.8 (1.4–
Lead V5 2.3 (1.8–
Lead V6 2.7 (1.9–
Lead II 1.9 (1.5–
Lead III 1.7 (1.7–
Lead aVF 1.8 (1.3–
Duke score 0.89 (0.86
LVEF (after stress) 0.97 (0.95
TID (C) 14.7 (3.2–
LAD ischemia (C) 1.03 (1.01
Combined LAD and LCx ischemia (C) 1.01 (1.00
Total ischemia (C) 1.04 (1.02
SDS (C) 1.08 (1.03
Combined LAD and LCx ischemia (V) 1.21 (1.05
*p values are based on univariate logistic regression.
AUC  area under the curve; C  computer derived; LAD  left anterior des
coronary artery; LVEF  left ventricular ejection fraction; SDS  sum difference
stress.f the outcome. vANALYSIS OF ASSOCIATION OF IMPORTANT COVA-
RIATES FOR THE PREDICTION OF LMCA OR OSTIAL
LAD STENOSIS. Univariate logistic regression anal-
ysis was performed of patients with 1VD, 2VD, and
3VD without LMCA or ostial LAD stenosis to
determine the correlation of each with STE in lead
aVR. There was no significant correlation between
1VD, 2VD, or 3VD without LMCA or ostial LAD
stenosis and STE in lead aVR. In contrast, STE in
lead aVR was a significant (p  0.0001, AUC:
0.76) positively correlated predictor of selected cases
of pure, isolated LMCA or ostial LAD stenosis (n
34). Because leads V5 and V6 are reciprocal to lead
VR, STD in either of these leads as a univariate
redictor of LMCA or ostial LAD stenosis was
etermined. Although both were correlated strongly
lead V5: p  0.0001, AUC: 0.69; lead V6: p 
0.0001, AUC: 0.70) (Table 2), the AUC for each was
significantly less than that for STE in lead aVR (0.82)
(both p values 0.001). Finally, although stress-
nduced STE in lead V1 was also a significant predic-
or of LMCA or ostial LAD stenosis (p  0.0001,
UC: 0.59) it too was significantly less than that for
TE in lead aVR (p  0.0001 for AUC comparison)
nd did not add independent information in multi-
D Stenosis
Univariate(*) Multivariate
ence Interval) p Value AUC p Value
0.0001 0.82 0.0001
0.0001 0.59 NS
0.0001 0.62 NS
0.0001 0.69 NS
0.0001 0.70 NS
0.0001 0.65 NS
0.0030 0.58 NS
0.0005 0.61 NS
3) 0.0001 0.71 NS
9) 0.030 0.60 0.005
) 0.001 0.65 NS
4) 0.0001 0.64 0.05
2) 0.005 0.59 NS
6) 0.0001 0.61 NS
4) 0.005 0.58 NS
9) 0.010 0.60 NS
ing coronary artery; LCx  left circumﬂex coronary artery; LMCA  left main
e; STD  ST-segment depression with stress; STE  ST-segment elevation withal LA
nﬁd
9.0)
8.1)
2.4)
3.0)
3.8)
2.4)
2.3)
2.5)
–0.9
–0.9
66.6
–1.0
–1.0
–1.0
–1.1
–1.3
cend
scorariate analysis (Table 2).
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181Using a cut-point of 1-mm STE in lead aVR,
chi-square tests were used to compare the predic-
tion of LMCA or ostial LAD stenosis with 1VD,
2VD, and 3VD without LMCA or ostial LAD
stenosis. Thus, 76% of patients with LMCA or
ostial LAD stenosis had 1-mm STE in lead aVR
with stress, compared with 17%, 27%, and 39%,
respectively, with 1VD, 2VD, and 3VD without
LMCA or ostial LAD stenosis (chi-square  42,
38, and 12 respectively; all p values  0.005 vs.
LMCA or ostial LAD; df  1 for all chi-square
tests). Only 8 patients (8%) without significant
CAD had 1-mm STE in lead aVR with stress
(chi-square  84, df  1, p  0.005 vs. LMCA or
stial LAD).
Optimal ECG lead aVR cut-point and Bayesian analysis.
The optimal cut-point for the amount of stress-
induced STE in lead aVR was defined by the
greatest sum of sensitivity and specificity for the
detection of significant LMCA or ostial LAD
stenosis. Cut-points of 0.5-, 1.0-, 1.5-, and 2.0-mm
horizontal STE were tested. The greatest
sensitivity-specificity sum (1.56) was reached at
1.0-mm STE. Thus, sensitivity was 75%, specificity
was 81%, positive predictive accuracy was 44%,
negative predictive accuracy was 94%, and overall
predictive accuracy was 80%. A Bayesian plot of
post-test versus pre-test probability of significant
LMCA or ostial LAD stenosis on the basis of
1-mm STE in lead aVR is shown in Figure 1. It
demonstrates, as anticipated, that the test per-
formed best in the intermediate pre-test probability
range and for the current population raised the
pre-test probability almost 3-fold from 17% to 45%
after the test.
D I S C U S S I O N
This study tested the hypothesis that ETT-induced
STE in lead aVR is a useful indicator of hemody-
namically significant LMCA or ostial LAD steno-
sis. The data obtained support this hypothesis.
Sensitivity, specificity, and overall predictive accu-
racy all were approximately 75% to 80%, with high
negative predictive accuracy (94%), but only modest
positive predictive accuracy (44%). Bayesian analy-
sis of the data (Fig. 1), however, demonstrated that
the finding of 1-mm horizontal STE in lead aVR
almost tripled the post-test odds of finding signif-
icant LMCA or ostial LAD stenosis and so should
not be ignored in the interpretation of electrocar-
diograms obtained with ETT (Bruce protocol).The relationship between SPECT MPI findings
and STE in lead aVR as predictors of significant
LMCA or ostial LAD stenosis is noteworthy. First,
as anticipated, several previously reported SPECT
MPI findings (e.g., TID [20], percent reversible
LAD ischemia [21]) were significant univariate
predictors. However, by ROC analysis, these vari-
ables were not as strong as STE in lead aVR (Table
2). Nonetheless, both LVEF (after stress) and
percent reversible LAD ischemia added indepen-
dent predictive power to STE in lead aVR as an
indicator of LMCA or ostial LAD stenosis. Be-
cause true rest LVEFs were not obtained, we
cannot know if the post-stress LVEF reflects a
decline from rest, as reported by others (22), in
cases of reversible, particularly LAD, ischemia,
although this seems likely and is consistent with the
fact that TID was also a significant univariate but
not multivariate predictor.
Because lead aVR monitors the left ventricular
cavity (viewing from apex to base [23]), in theory, it
should be sensitive to proximal, anterior septal
ischemia, which will appear as an injury current
(i.e., elevation of the baseline) when viewed from
the left ventricular cavity (24). Accordingly, while
correlated with classical SPECT MPI findings of
LMCA or ostial LAD stenosis such as TID and
extensive LAD ischemia (Fig. 2), it will also detect
ischemia related to LMCA or ostial LAD stenosis
in the absence of such findings (Fig. 3), a heretofore
Figure 1. Bayesian Analysis of STE in Lead aVR for the Predictio
LAD Stenosis
Bayesian analysis of exercise-induced ST-segment elevation (STE) le
tion of left main coronary artery (LMCA) or ostial left anterior desce
artery (LAD) stenosis. At pre-test probability of 17% (incidence of L
the study population), the post-test probability was increased almo
1-mm horizontal STE in lead aVR. The green line indicates post-te
basis of chance alone and demonstrates no change from the pre-te
disease.n LMCA or Ostial
ad aVR for the detec-
nding coronary
MCA or ostial LAD in
st 3-fold to 45% with
st outcome on the
st probability ofunderappreciated observation and likely accounting
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182Figure 2. Rest, Peak Stress Electrocardiography, Classical Stress/Rest Thallium Scan, and Coronary Angiography in a Patient With
LMCA and Ostial LAD Stenosis
This patient (S.F., a 55-year-old man) exercised 7 min 25 s with the standard Bruce protocol to a peak heart rate of 151 beats/min (93%
maximal predicted heart rate), 9 metabolic equivalents, and a rate-pressure product of 24,000 mm Hg/min and had typical angina. The
test was stopped for fatigue. Note 1-mm horizontal ST-segment elevation in lead aVR at peak stress, large anterior ischemic defect, and
transient ischemic dilation (TID) (1.29) in thallium images and severe (80%) distal LMCA and ostial LAD stenosis. Abbreviations as in
Figure 1.
sis.
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183for its stronger predictive value with respect to
classical SPECT MPI findings.
Several additional issues regarding SPECT MPI
as used in the present study should be considered.
First, the computer program used for quantitative
analysis of the images has been previously validated
and is widely used (25,26). The images were all
technically satisfactory for analysis, because careful
attention was paid in the acquisition phase to
Figure 3. Rest, Peak Stress Electrocardiography, Normal Rest/St
LMCA Stenosis
This patient (R.C., a 73-year-old man) exercised 9 min with the stan
predicted heart rate), 10 metabolic equivalents, and a rate-pressure
stopped for fatigue. Note 1-mm horizontal ST-segment elevation
(MIBI) images show only minor thinning of inferior wall activity and
severe (65%) mid and distal left main coronary artery (LMCA) stenoavoidance or correction of motion artifact and in theprocessing phase to the exclusion of intense subdi-
aphragmatic activity, which could interfere with
proper normalization of myocardial activity and
thereby generate spurious polar plots. The fact that
only treadmill exercise tests were used and that
patients on average reached 84% MPHR and RPPs
of 22,000 mm Hg/min and completed the first 2
stages of the Bruce protocol plus 36 s of the third
stage indicates in general that they had adequate
99mTc-MIBI Scan, and Coronary Angiography in a Patient With
Bruce protocol to a peak heart of 146 beats/min (99% maximal
duct of 27,000 mm Hg/min and had no chest pain. The test was
ad aVR at peak stress. Technetium-99m-methoxyisobutylisonitrile
transient ischemic dilation (1.00). Coronary angiography showsress
dard
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in le
nostress to detect hemodynamically significant CAD,
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184especially LMCA or ostial LAD, and that image
quality was much less likely to be compromised by
subdiaphragmatic activity often seen with adeno-
sine stress.
Furthermore, it is standard clinical practice in
cases in which patients fail to reach 85% MPHR
and the electrocardiogram does not show evidence
of ischemia to interpret the ECG findings as
nondiagnostic because of failure to reach 85%
MPHR. American Society of Nuclear Cardiology
guidelines (27) also advise reading SPECT myocar-
dial perfusion images in light of relevant clinical and
stress test information and modifying the interpre-
tation accordingly, especially in equivocal cases.
Thus, it is recognized that studies that appear
normal at submaximal levels of stress may be falsely
negative for CAD. Accordingly, in the present
study, any patients whose exercise levels may have
been submaximal as judged by failure to reach 85%
MPHR certainly would not, as a result, have
advantaged stress electrocardiography over the MPI
study for the detection of LMCA or ostial LAD
disease. Indeed, the reverse is likely the case, be-
cause SPECT MPI in general is more sensitive for
the detection of CAD than stress electrocardiogra-
phy alone (87% [28] vs. 67% [11], respectively),
although stress electrocardiography generally does
not use STE in lead aVR as an indicator of CAD
(i.e., positive test results).
Moreover, because LMCA or ostial LAD disease
often causes signs and symptoms of ischemia, which
may be severe, at low work load, it is unsurprising
that various exercise parameters (e.g., metabolic
equivalents, exercise time, percent MPHR) failed to
emerge as univariate predictors. This is so because
low levels of these parameters also may be associ-
ated with beta-blocker therapy, poor physical con-
dition of the patient, or inadequate effort in the
absence of CAD or with only mild or moderate
disease. Thus, patients with very severe disease and
those with mild or moderate or even no disease may
have similar, limited exercise capacity, but for very
different reasons. The Duke score accounts for
many of these factors and so was a univariate
predictor (inverse relation as expected) of LMCA
or ostial LAD stenosis. Furthermore, the predictive
power of SPECT MPI for the detection of LMCA
or ostial LAD stenosis may be confounded by the
precise morphology of the lesion, which will have
an important effect on its hemodynamic severity
(29). Thus, at similar work loads, the scan may
show evidence of severe ischemia in a patient with
a functionally very severe lesion (Fig. 2) or no Lischemia (Fig. 3) despite more than adequate work
load in a patient with hemodynamically less severe
disease but still sufficient to cause endocardial isch-
emia, which would be manifest only electrically,
particularly in intracavitary lead aVR (Fig. 3).
Considerable attention was paid to the possibility
that STE in lead aVR was not so much an indicator
of LMCA or ostial LAD stenosis per se but more
simply a reflection of multivessel CAD. To this
end, we examined the univariate predictive value of
STE in lead aVR for 2VD and 3VD absent LMCA
or ostial LAD stenosis involvement. Neither was
found to be a significant univariate correlate. In
contrast, STE in lead aVR remained a highly
significant (p .0001) predictor of LMCA or ostial
LAD stenosis in a subset of patients (n  34)
without other CAD. Furthermore, 76% of patients
with significant LMCA or ostial LAD stenosis
demonstrated 1-mm horizontal STE in lead aVR
in comparison with only 27% and 39% of patients
with 2VD and 3VD, respectively, without LMCA
or ostial LAD stenosis (chi-square  38 and 12,
respectively, both p values 0.005, df  1 vs.
LMCA or ostial LAD disease). Finally, while STD
in leads V5 and V6, which are reciprocal to lead
aVR, is a common ECG finding in response to
ETT in patients with multivessel CAD (24) and
was a significant univariate predictor of LMCA or
ostial LAD stenosis, the AUC for both parameters
was significantly less than that for STE in lead aVR
(p  0.001) and failed to provide additional inde-
pendent predictive power in multivariate analysis.
The same was true of STE in lead V1. Important
TT-related variables such as beta-blocker therapy,
ercent MPHR, and metabolic equivalents were
ot univariate predictors of LMCA or ostial LAD
tenosis. The Duke score correlated inversely in
nivariate but not multivariate analysis.
Comparison of the results of the present study
ith those of prior investigations in this area is
ifficult. One large study (n  557 patients) classi-
ed ECG data on the basis of a finding of
0.05-mm STE in lead aVR and used pharmaco-
ogical stress, primarily adenosine, in 78% of pa-
ients (12). Accordingly, the methods and diagnos-
ic criteria used differ importantly from those used
n the present study. Nonetheless, these investiga-
ors (12) did observe that STE in lead aVR was
ore predictive of anterior wall defect on SPECT
9mTc-MIBI scans than 1-mm STD in lead V5.
owever, only 21% of their patients underwent
eart catheterization, and of these, the incidence of
MCA or ostial LAD stenosis was not given,
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185although they did report a trend (p  0.06) for
patients with STE in lead aVR (8 of 37) to have
2VD with LAD involvement (70% luminal di-
ameter reduction) compared with those who did
not (4 of 77) (12). Furthermore, because adenosine
stress generally induces regional myocardial blood
flow disparities between normal and stenotic vascu-
lar perfusion territories but not ischemia, while
ETT is capable of doing both, it would be antici-
pated that STE in lead aVR will be more predictive
of LMCA or ostial LAD stenosis with exercise, as
opposed to adenosine stress.
Another smaller study (n  106) retrospectively
investigated a highly selected population, those
with Duke scores 11, and compared those with
and without STE  1 mm in lead aVR for the
incidence of LMCA stenosis (50% luminal diam-
eter reduction) (13). The investigators observed that
STE in lead aVR alone had sensitivity of 93% and
specificity of 49% for the detection of LMCA
stenosis. ROC analysis was not performed, other
potential predictors were not considered, and all
patients had associated 3VD. The later observation
(100% with 3VD) may well account for the appar-
ent high sensitivity and low specificity of the finding
in this patient population. While the investigators
(13) also reported that associated STE in lead V1
improved the specificity of the diagnosis for the
LMCA to 82% with only a small decrease in
sensitivity to 86%, the independent contribution of
concomitant 3VD could not be assessed.
A clinical review of LMCA stenosis in the 1980s
(1) reported on 120 consecutive patients with LMCA
tenosis, of whom 65% had unstable angina and 89
nderwent ETT, whose results were abnormal in 99%
f those tested. The investigators observed that the
ost common ECG finding on ETT was “ST-
egment depression of 2 mm or more in leads V4, V5,
and V6, and ST segment elevation in leads V1 and
aVR” (1). Concomitant CAD was not discussed in
relationship to the ECG findings on ETT, which
apparently was performed in a sizable percent of
patients who presented with what was thought to be
unstable angina. Accordingly, the patient population
was not comparable with those reported in the present
study, because the prior investigation included onlysented with unstable angina and 68% with post–
myocardial infarction angina.
Study limitations. Although all patients meeting the
entry criteria over the time period specified were
studied, the investigation nevertheless was retro-
spective in nature and so shares all the limitations of
such studies. While patients with more severe MPI
reversible defects or markedly positive ECG re-
sponses to ETT undoubtedly were more likely to be
referred for cardiac catheterization, the fact that
current guidelines for interpretation of ECG find-
ings on ETT recommend disregarding STE in lead
aVR (and lead V1) (11), if anything, would suggest
that such patients would be less rather than more
likely to be referred for catheterization on the basis
of the ECG findings alone. Finally, although the
coronary angiograms were interpreted visually, with
all the known limitations of so doing (30), this
method conforms to everyday, “real-world” clinical
practice, and so the correlations made would have
the precision of routine clinical practice.
C O N C L U S I O N S
Although often disregarded in the interpretation of
ECG findings on ETT, lead aVR, which monitors
the left ventricular cavity, contains important diag-
nostic information. Data obtained in the present
study indicate that stress-induced horizontal STE
1 mm in this lead substantially increases the
post-test probability of significant LMCA or ostial
LAD stenosis. Furthermore, as demonstrated by
Figure 3 and univariate analysis, STE in lead aVR
may detect LMCA or ostial LAD stenosis when
SPECT MPI does not, notwithstanding the fact
that in multivariate analysis, SPECT MPI param-
eters, post-stress LVEF, and percent reversible
LAD ischemia were statistically significant predic-
tors of LMCA or ostial LAD stenosis.
Acknowledgment
The authors wish to acknowledge the expert assis-
tance of all members of the Massachusetts General
Hospital nuclear cardiology laboratory in the per-
formance of ETT and SPECT MPI.
Reprint requests and correspondence: Dr. Henry Gewirtz,
ardiac Unit/Yawkey 5E, Massachusetts General Hos-
ital, Boston, Massachusetts 02114. E-mail: hgewirtz@patients with LMCA stenosis, 65% of whom pre- partners.org.
11
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 4 , N O . 2 , 2 0 1 1
F E B R U A R Y 2 0 1 1 : 1 7 6 – 8 6
Uthamalingam et al.
LMCA Stenosis and Stress-Induced STE in Lead aVR
186R E F E R E N C E S
1. Atie J, Brugada P, Brugada J, et al.
Clinical presentation and prognosis of
left main coronary artery disease in the
1980s. Eur Heart J 1991;12:495–502.
2. Barrabes JA, Figueras J, Moure C,
Cortadellas J, Soler-Soler J. Prognos-
tic value of lead aVR in patients with
a first non-ST-segment elevation
acute myocardial infarction. Circula-
tion 2003;108:814–9.
3. Kosuge M, Kimura K, Ishikawa T, et
al. Combined prognostic utility of ST
segment in lead aVR and troponin T
on admission in non-ST-segment el-
evation acute coronary syndromes.
Am J Cardiol 2006;97:334–9.
4. Kuhl JT, Berg RM. Utility of lead aVR
for identifying the culprit lesion in acute
myocardial infarction. Ann Noninvasive
Electrocardiol 2009;14:219–25.
5. Yan AT, Yan RT, Kennelly BM, et al.
Relationship of ST elevation in lead aVR
with angiographic findings and outcome
in non-ST elevation acute coronary syn-
dromes. Am Heart J 2007;154:71–8.
6. Aygul N, Ozdemir K, Tokac M, et al.
Value of lead aVR in predicting acute
occlusion of proximal left anterior de-
scending coronary artery and in-
hospital outcome in ST-elevation
myocardial infarction: an electrocar-
diographic predictor of poor progno-
sis. J Electrocardiol 2008;41:335–41.
7. Gaitonde RS, Sharma N, Ali-Hasan
S, et al. Prediction of significant left
main coronary artery stenosis by the
12-lead electrocardiogram in patients
with rest angina pectoris and the with-
holding of clopidogrel therapy. Am J
Cardiol 2003;92:846–8.
8. Gorgels AP, Vos MA, Mulleneers R, et
al. Value of the electrocardiogram in
diagnosing the number of severely nar-
rowed coronary arteries in rest angina
pectoris. Am J Cardiol 1993;72:999–
1003.
9. Szymanski FM, Grabowski M, Fili-
piak KJ, Karpinski G, Opolski G.
Admission ST-segment elevation in
lead aVR as the factor improving
complex risk stratification in acute
coronary syndromes. Am J Emerg
Med 2008;26:408–12.
0. Yamaji H, Iwasaki K, Kusachi S, et al.
Prediction of acute left main coronary
artery obstruction by 12-lead electro-
cardiography. ST segment elevation in
lead aVR with less ST segment eleva-
tion in lead V(1). J Am Coll Cardiol
2001;38:1348–54.
1. Gibbons RJ, Balady GJ, Bricker JT,
et al. ACC/AHA 2002 guideline
update for exercise testing: summary
article. A report of the American
College of Cardiology/American
Heart Association Task Force on
Practice Guidelines (Committee toUpdate the 1997 Exercise Testing
Guidelines). J Am Coll Cardiol
2002;40:1531– 40.
2. Neill J, Shannon HJ, Morton A, et al.
ST segment elevation in lead aVR
during exercise testing is associated
with LAD stenosis. Eur J Nucl Med
Mol Imaging 2007;34:338–45.
3. Tuna Katircibasi M, Tolga Kocum H,
Tekin A, et al. Exercise-induced ST-
segment elevation in leads aVR and V1
for the prediction of left main disease.
Int J Cardiol 2008;128:240–3.
4. Ellestad MH. Unconventional elec-
trocardiographic signs of ischemia
during exercise testing. Am J Cardiol
2008;102:949–53.
5. Hansen CL, Goldstein RA, Akinbob-
oye OO, et al. Myocardial perfusion
and function: single photon emission
computed tomography. J Nucl Cardiol
2007;14:e39–60.
6. Kwok JM, Christian TF, Miller TD,
Hodge DO, Gibbons RJ. Identification
of severe coronary artery disease in pa-
tients with a single abnormal coronary
territory on exercise thallium-201 imag-
ing: the importance of clinical and exer-
cise variables. J Am Coll Cardiol 2000;
35:335–44.
7. DeLong ER, DeLong DM, Clarke-
Pearson DL. Comparing the areas
under two or more correlated receiver
operating characteristic curves: a non-
parametric approach. Biometrics
1988;44:837–45.
8. Obuchowski NA, McClish DK. Sam-
ple size determination for diagnostic
accuracy studies involving binormal
ROC curve indices. Stat Med 1997;
16:1529–42.
9. Lusted LB. General problems in med-
ical decision making with comments
on ROC analysis. Semin Nucl Med
1978;8:299–306.
0. Mazzanti M, Germano G, Kiat H, et
al. Identification of severe and exten-
sive coronary artery disease by auto-
matic measurement of transient isch-
emic dilation of the left ventricle in
dual-isotope myocardial perfusion
SPECT. J Am Coll Cardiol 1996;27:
1612–20.
1. Nygaard TW, Gibson RS, Ryan JM,
et al. Prevalence of high-risk thallium-
201 scintigraphic findings in left main
coronary artery stenosis: comparison
with patients with multiple- and
single-vessel coronary artery disease.
Am J Cardiol 1984;53:462–9.
2. Johnson LL, Verdesca SA, Aude WY,
et al. Postischemic stunning can affect
left ventricular ejection fraction and
regional wall motion on post-stress
gated sestamibi tomograms. J Am
Coll Cardiol 1997;30:1641–8.
3. Kligfield P, Gettes LS, Bailey JJ, et al.
Recommendations for the standard-ization and interpretation of the elec-
trocardiogram: part I: the electrocar-
diogram and its technology a scientific
statement from the American Heart
Association Electrocardiography and
Arrhythmias Committee, Council on
Clinical Cardiology; the American
College of Cardiology Foundation;
and the Heart Rhythm Society en-
dorsed by the International Society for
Computerized Electrocardiology.
J Am Coll Cardiol 2007;49:1109–27.
4. Wagner GS, Macfarlane P, Wellens H,
et al. AHA/ACCF/HRS recommenda-
tions for the standardization and inter-
pretation of the electrocardiogram: part
VI: acute ischemia/infarction: a scien-
tific statement from the American
Heart Association Electrocardiography
and Arrhythmias Committee, Council
on Clinical Cardiology; the American
College of Cardiology Foundation; and
the Heart Rhythm Society: endorsed by
the International Society for Computer-
ized Electrocardiology. Circulation
2009;119:e262–70.
5. Ficaro EP, Lee BC, Kritzman JN,
Corbett JR. Corridor4DM: the Mich-
igan method for quantitative nuclear
cardiology. J Nucl Cardiol 2007;14:
455–65.
6. Wolak A, Slomka PJ, Fish MB, et al.
Quantitative myocardial-perfusion
SPECT: comparison of three state-
of-the-art software packages. J Nucl
Cardiol 2008;15:27–34.
7. Holly TA, Abbott BG, Al-Mallah M,
et al. Single photon-emission com-
puted tomography. J Nucl Cardiol.
2010;17:941–73.
8. Klocke FJ, Baird MG, Lorell BH, et
al. ACC/AHA/ASNC guidelines for
the clinical use of cardiac radionuclide
imaging—executive summary: a re-
port of the American College of Car-
diology/American Heart Association
Task Force on Practice Guidelines
(ACC/AHA/ASNC Committee to
Revise the 1995 Guidelines for the
Clinical Use of Cardiac Radionuclide
Imaging). J Am Coll Cardiol 2003;42:
1318–33.
9. Fedele FA, Sharaf B, Most AS,
Gewirtz H. Details of coronary steno-
sis morphology influence its hemody-
namic severity and distal flow reserve.
Circulation 1989;80:636–42.
0. Zir LM, Miller SW, Dinsmore RE,
Gilbert JP, Harthorne JW. Interob-
server variability in coronary angiog-
raphy. Circulation 1976;53:627–32.
Key Words: exercise treadmill
test y lead aVR y left main
coronary artery disease y
myocardial perfusion imaging.
